In early winter it is usual, in cold regions, that ice features approach offshore structures, like offshore platforms, impacting them, in a slow process of constant deformation build up. Interaction follows, in many cases, up to the point where ice-failure caused by bending fracture takes place. This supposes very large contact forces that the structure has to resist. Therefore, quantification of these efforts is of vital importance to the structural design of platforms. In several designs, these platforms are constructed with inclined walls so as to cause ice to fail in a flex-compression mode. In such a case the ice feature is analyzed as a beam constituted of a linear elastic material in brittle state with constant ice thickness. The simplification renders the problem solvable in a close form. However, this hypothesis goes against field observations. Marine currents action, wind and the sequence of contacts among features lead to thickness variations. Here this factor is addressed in the construction of a model, for harmonic forms of variation of thickness profile, and the accompanying curvature variations, whose solution determines field variables used to address the failure question. Due to the deformation dependency of the loading, a numerical scheme for the two-point boundary value problem in the semi-infinite space is developed. Failure pressures are computed based on a Rankine locus of failure. Variations of the order of 20% in the failure loads, as compared to the uniform beam model, are observed.
Introduction


Offshore facilities in ice infested waters are constructed with diverse geometric forms. Transversely sectional forms range from rectangular to circular. Vertically variations go from cylindrical to conical among others. No matter the form, however, inclined walls are included in many designs in an effort to induce ice failure in a compressive-flexural manner, thus reducing stresses in the structure. Failure occurs as ice sheets, with irregular geometry, ride the walls up dissipating energy in friction, deforming in the way, until field stresses reach values, at critical points, that lead to fracture. It is a continuous process, difficult to model given the large number of variables to deal with.
Usually, this sort of problem is modeled using different approaches as a wide beam or plate, contact loading aligned with, or inclined with respect to, the boarder wall direction, thus leading to a 2D or 3D beam model. Timewise, problem may be considered as a static or dynamic one, depending upon the severity of impact. Geometry of what may be modeled as a beam occurs in nature under diverse forms. Width is never constant, and thickness specially presents variations [1] . It is therefore not realistic to model contact problems with offshore platforms assuming constancy of thickness, with no initial curvature present, even though such a hypothesis unveils a close form solution to the problem-uniform geometry beams analyzed as a linear elastic material in brittle state have a known solution [2] . Furthermore, this restriction goes against field observations, marine currents action, wind and the sequence of contacts among features lead to thickness variations.
In this work geometry effect is addressed and the construction of a mechanical model, for harmonic 
Formulation
Boundary Value Problem
Upon contact with the inclined wall of an offshore structure, loading of ice beam, driven by wind and currents starts. Equilibrium of every sectional element of it, supposed constant the width b 0 but variable the height h, h = h(y), with flotation modeled by means of a linear elastic foundation of constant k (Fig. 1), is given by Ref. [3] :
where, k = , yy (w) is the curvature and k i = , yy (w i ) is the initial curvature. Coefficients are as following:
where, n 0 is the value of the normal force per unit width at the origin and h is the mean thickness, 
where, E is the elastic modulus of the material, v is Poisson's ratio, introduced to take into account the transversal curvature effect along wide beams and t 0 is the thickness at origin. If in particular the beam profile is symmetric, then the initial curvatures k 1 caused by thickness variations are null, with no curvature-thickness coupling present (Fig. 2) .
Interface loading due to impact of the beam with the inclined wall has a complex stress distribution, dependent upon the profile of the beam there. It can, nonetheless, be expressed in a per unit width fashion by a set of stress resultants including a shear force v 0 and a bending moment m 0 , both related to the normal resultant 
, result of local deformation, plus regularity conditions, will cast boundary conditions into the form:
where, matrices [A] and [B] are related to geometry and loading whereas vectors {} and {} are dependent upon initial curvature of the beam.
Numerical Solution
Solution of the above system depends, for every value of n 0 , on the determination of the exact vector {u} that makes } { null. Therefore, it requires specification of the left and right end vectors, whose values are not known in advance. So as a solution procedure, a numerical trial and error type of approach may be applied, using a Newton scheme of solution [5] . Hence if at some iteration j,
over a discretized space containing N + 1 stations, {y i },
Then requiring that boundary conditions be satisfied in the next iteration means that:
What asks for, using Taylor expansion, an increment 
where, the partial derivative with respect to the trial
In this expression the identity matrix [I] appears first.
In the middle term the derivative at the far end with respect to the first one gives rise to a transfer matrix:
Model Parameters
Loading Specification
Interface loading resultants depend on the coefficient of friction  between ice and the rigid wall of the platform, its slope angle  and the coefficient of eccentricity  as shown in Fig. 3 . Sticking-slipping conditions require that:
where,  is a material parameter related to the way ice and wall interact, surface roughness and temperature among other factors. It is important to notice that 
Material Parameters
Ice is a quite complex material, whose constitutive Table 2 presents some average values of the properties needed to the model [6] . These properties also depend on temperature and rate of loading, not considered in the study.
Contact Variables
In the field, the monitored variable r 0 , the intensity of contact, has to be used to compute the interface normal n 0 . However, because the displacements do depend on the interface, loading at origin depends on the rotation Table 4 . 
Results
Thickness Variation Effect
Initial Curvature Effect
Similar to some extent is the behavior of the bending moment function as the effect of the initial curvature of the equal area axis only is considered. This response corresponds to the case where t is set equal to 0 t in Eq. (1). Fig. 7 shows amplitude effect. Solution of the coupled problem will lead to some modifications in the procedure presented above, but it still follows a parallel sequence to it. 
Failure Loads
Conclusions
Several conclusions may be drawn from the results derived from the implementation of the above model:
 Use of these results still depends on mapping typical profiles of ice, and decomposition of them into harmonic terms, before implementing the above model. Clearly this may lead to a probabilistic approach of design. Alternatively, estimates of change of failure loads, computed with the present procedure, may be incorporated into design codes, based in uniform beam solutions. Moreover, the same idea may be extended to plate models, with variations of thickness, in order to build an enhanced understanding of the problem.
